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MATERIALS AND METHODS
67
Expression of PPi-ehiAK PPi-ehiAK (KEGG ID, ehi, EHI_170010) with 68 optimized codon usage for E. coli was synthesized at Operon (Tokyo, Japan)
69
( Supplementary Fig. S1 ). PPi-ehiAK was amplified by PCR using the synthesized His-tagged protein in E. coli MK3648.
78
For expression of PPi-ehiAK, a fresh single colony of MK3648 strain that had 79 just been transformed was inoculated into 10 mL LB medium supplemented with 80 100 µg/mL ampicillin, 34 µg/mL chloramphenicol, and 12.5 µg/mL tetracycline.
81
After culturing at 37°C aerobically overnight, the culture was transferred to the 82 same medium (250 mL) and cultured at 37°C aerobically overnight. This culture was again transferred to the same medium (4.5 L, 500 mL in a 2.0 L Sakaguchi 84 flask) and cultivation was continued at 37°C aerobically until A600 reached 0.4.
85
Then, isopropyl-1-β-D-thiogalactopyranoside was added to 1 mM and cultivation 86 was continued further at 37°C aerobically for 1 h.
88
Purification of PPi-ehiAK MK3648 cells overexpressing PPi-ehiAK were 89 collected by centrifugation at 8,500 g for 10 min, suspended in 50 mL of 20 mM 90 HEPES-NaOH (pH 7.5), and disrupted by sonication at 4°C for 15 min with an
91
Insonator 201M (Kubota, Tokyo, Japan) . After centrifugation at 20,000 g for 10 92 min, the clear supernatant was used as the cell extract containing PPi-ehiAK. This cell extract was applied to a Talon Metal Affinity Resin column (2.5×4.5 cm)
94
(Clontech) equilibrated with 20 mM HEPES-NaOH (pH 7.5). After washing with 95 150 mL of 20 mM HEPES-NaOH (pH 7.5) containing 30 mM imidazole and 300 96 mM NaCl, PPi-ehiAK was eluted with 150 mL of 20 mM HEPES-NaOH (pH 7.5) 97 containing 150 mM imidazole and 300 mM NaCl. The fractions containing 98 PPi-ehiAK were combined, dialyzed against 20 mM HEPES-NaOH (pH 7.5) at 99 4°C overnight, and used as the purified PPi-ehiAK. If necessary, the purified 100 enzyme was concentrated by 3-fold with a Centriprep 10K instrument (Millipore). and cultured at 37°C aerobically overnight. This culture was transferred to the 108 same medium (700 mL, 350 mL in a 500 mL Sakaguchi flask) and cultivation was 109 continued at 37°C aerobically until A600 reached 0.6. Then,
110
isopropyl-1-β-D-thiogalactopyranoside was added to 0.1 mM and cultivation was 111 continued at 37°C aerobically for 3 h. Purification and dialysis were conducted as 112 described for PPi-ehiAK above, but with use of 10 mM Tris-HCl (pH 8.0) instead 113 of 20 mM HEPES-NaOH (pH 7.5).
115
Expression of variant ATP-ecoAK Site-directed mutagenesis was performed 116 using inverse PCR followed by DpnI treatment using pMK3814 as a template.
117
The variant ATP-ecoAK plasmids were confirmed by DNA sequencing. These 118 plasmids were introduced into the E. coli DH5α strain and each variant 119 ATP-ecoAK was expressed and purified as described below for ATP-ecoAK.
121
Assay of AK activity The AK activity in the acetyl phosphate-forming 122 direction was assayed at 30°C using a hydroxamate assay that detects formation of 123 acetyl phosphate (2, 19 His-tagged ATP-ecoAK was also expressed in E. coli. The purified ATP-ecoAK 199 was shown to be specific for ATP, and not to use PPi as a phosphoryl donor (Table   200 1).
202
Candidates for determinants of the phosphoryl donor specificity of AK
203
To probe the structural determinants of the phosphoryl donor specificity of AK, Ile-332, Asn-335, Ser-336, and Arg-362. Among these residues, 5 (Asn-211,
210
Ala-330, Gly-331, Ile-332, and Asn-335 of mthAK) are conserved in ATP-ecoAK,
211
but not in PPi-ehiAK, based on a multiple sequence alignment ( Fig. 2 ). This
212
suggests that these residues are candidates for determinants of the phosphoryl 213 donor specificity. Four of these 5 residues (Asn-211, Gly-331, Ile-332, and
214
Asn-335) form hydrogen bonds and van der Waals contacts to ADP (Table S1 ). Of and ADP-AlF3 (9) and that of showed that the corresponding 5 and Asn-337, compared to the effects on ΔTm ATP (Table 2 ). This may reflect the 277 role of these residues in binding to adenosine of ADP, and thus not to PPi (Fig. 3) . PPi (Fig. 3) . PPi (Fig. S2) was performed using PyMOL. b ΔRLU was zero with 9.2, 3.1, 2.4, 5.8, 2.9, and 3.1 µg of ATP-ecoAK, ATP-ecoAK N213T, ATP-ecoAK G332D, ATP-ecoAK G333Q, ATP-ecoAK I334M and ATP-ecoAK N337E, respectively, after the reaction for 20 min; thus, AK activities in the PPi-forming direction of ATP-ecoAK and these mutated ATP-ecoAKs using PPi were regarded as not detected (nd). Two residues conserved in ATP-dependent AKs, but not in PPi-ehiAK. This is the reason why we focused on these residues (Leu-326 and Asn-376 in PPi-ehiAK). 
